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SUMMARY: Labrus bergylta, Dicentrarchus labrax and Conger conger are common predators of northeast Atlantic coastal 
ecosystems and are studied here for the first time with ultrasonic telemetry in their natural environment. We demonstrate the 
viability of using this technology with these species and used movement information to obtain preliminary short-term results 
on site fidelity, diel activity patterns and home range sizes. Two complementary telemetry methods were used: manual and 
automatic tracking along a stretch of coast characterized by its high wave exposure (A Coruña, NW Spain). C. conger stayed 
in the area for the longest periods of time (17 days), occasionally leaving their refuges at dusk or during the night to search 
for food. Their home range was very small (604 m2). L. bergylta were not detected by the automatic receivers but the size of 
their home range (between 2874 and 5184 m2), shows that they are highly sedentary with very limited movements. D. labrax 
left the area for the longest periods (9 days) and were detected during both night and day. Their home range was the largest 
(up to 26396 m2), evidencing complex spatial behaviour on a large scale.
Keywords: coastal predatory fish, habitat use, site fidelity, home range, diel activity, tagging, telemetry, VR2, VR100.
RESUMEN: Movimientos de tres grandes peces depredadores costeros del Noreste Atlántico: un estudio pre-
liminar mediante telemetría. – Labrus bergylta, Dicentrarchus labrax y Conger conger son depredadores habituales 
de los ecosistemas costeros del Noreste Atlántico que en este trabajo se estudian por vez primera mediante telemetría ultra-
sónica en el medio natural. Se demostró la viabilidad del uso de esta tecnología con estas especies y la información sobre 
sus movimientos se usó para obtener resultados preliminares a corto plazo acerca de la fidelidad al hábitat, la temporalidad 
diaria de la actividad y el tamaño del área vital. Se emplearon complementariamente dos métodos de telemetría: seguimiento 
manual y automático en un tramo de costa caracterizado por su elevado grado de exposición al oleaje (A Coruña, NW Spain). 
Los C. conger permanecieron en el área durante los períodos más largos (17 días), abandonando periódicamente sus refugios 
al atardecer o durante las noches para buscar alimento. El tamaño de su área vital fue muy pequeño (604 m2). Los L. bergylta 
no fueron detectados en los receptores automáticos, pero el tamaño de su área vital (entre 2874 y 5184 m2), evidencia un 
elevado grado de sedentarismo y movimientos muy limitados. Por el contrario, los D. labrax abandonaron el área durante los 
intervalos más prolongados (9 días), detectándose igualmente durante el día o la noche. Su área vital fue la de mayor tamaño 
(hasta 26396 m2), evidenciándose un comportamiento espacial complejo y a gran escala.
Palabras clave: peces depredadores costeros, uso del hábitat, fidelidad al hábitat, área vital, actividad diaria, marcaje, 
telemetría, VR2, VR100.
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INTRODUCTION
It is very interesting to have accurate knowledge of 
the habitat use of marine predators because they are 
indicators of the health of the ecosystem they inhabit 
(Myers and Worm, 2003; Myers et al., 2007). Tradi-
tionally, tag-recapture techniques (Shepherd, 1988) 
and direct observation (Murphy and Jenkins, 2010) 
have been used to study movement patterns and habitat 
use preferences of marine animals, but these methods 
have limitations (Kearney, 1989, Murphy and Jenkins, 
2010). The recent innovations in underwater ultrasonic 
telemetry allow accurate information on different as-
pects of fish habitat use to be obtained with very high 
resolution (Winter, 1996, Golet et al., 2006; Jorgensen 
et al., 2006). Consequently, in recent years there has 
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been an increase in the number of works that use this 
technology to study the behaviour of different fish spe-
cies (George, 2007). However, there is still little in-
formation about the home range size, habitat selection 
criteria and activity patterns of the populations of many 
coastal fish species (Topping et al., 2005), especially in 
temperate zones (Lowe et al., 2003).
Labrus bergylta (Ascanius 1767), Dicentrarchus 
labrax (Linnaeus 1758) and Conger conger (Linnaeus 
1758) are some of the most common predators of the 
northeast Atlantic coastal ecosystems (Pita and Freire, 
unpublished data). Several European fisheries have tra-
ditionally exploited these species and currently there is 
growing commercial interest in them. However, many 
aspects related to their habitat use are still unknown 
(Darwall et al., 1992, O’Sullivan et al., 2003, Fritsch 
et al., 2007).
L. bergylta are protogynous hermaphrodites with 
slow growth and high longevity (up to 29 years old). 
They undergo sex inversion at a wide range of sizes 
(Dipper et al., 1977). They have a maximum body size 
of 65.9 cm (TL) and a weight of 4.4 kg (IGFA, 2001), 
and are associated with coastal rocky bottoms up to 20 
m in depth (Rodríguez and Vázquez, 1994). They are 
distributed throughout the northeast Atlantic (Quig-
nard and Pras 1986), feeding mainly on crustaceans 
and molluscs (Dipper et al., 1977).
D. labrax are demersal fish that reach a maximum of 
103 cm (TL; IGFA, 2001) and 12.0 kg (Fiedler, 1991). 
They are distributed throughout the northeast Atlantic 
and Mediterranean (Lloris, 2002) and inhabit waters of 
all types of coastal environments, feeding on fish, crus-
taceans and molluscs (Rodríguez and Vázquez, 1994). 
They are very active predators that migrate seasonally 
and occasionally enter estuaries and rivers (Frimodt, 
1995).
C. conger, distributed in the northeast Atlantic and 
Mediterranean, are large benthic fish that reach maxi-
mum lengths of 300 cm (TL; Smith, 1990) and weights 
of 110 kg (Muus et al., 1999). Juveniles mainly inhabit 
coastal areas, as they migrate to deeper areas when they 
become mature (Maigret and Ly, 1986). They normally 
inhabit depths between 0 and 500 m (Smith, 1990), 
but Mytilineou et al., (2005) found them at more than 
1000 m depth. They are nocturnal predators (Göthel, 
1992) and feed on fish, crustaceans and cephalopods 
(Bauchot and Saldanha, 1986). They spawn once in 
their life, seemingly in the area of the Azores Islands 
(Mc Cleave and Miller, 1994) and in the middle of the 
Mediterranean Sea (Cau and Manconi, 1983).
L. bergylta, D. labrax and C. conger have never 
been studied with telemetry in their natural environ-
ment. In this work we explored the potential use of 
telemetry techniques to investigate the movements 
of these species in Galician waters (NW Spain). We 
analyzed the influence of tagging on the behaviour of 
the fish and quantified the position error in the manual 
tracking. In addition, preliminary short term informa-
tion was obtained on site fidelity, diel activity patterns 
and home range size for some individuals of the three 
species. Two complementary ultrasonic telemetry 
methods were used: manual tracking with a portable 
receiver and automatic tracking through fixed receiver 
stations installed under the water. 
MATERIALS AND METHODS
Study area
This study was carried out around the San Pedro 
Islands in A Coruña, NW Spain (43°38’N; 8°45’W), an 
area that is highly exposed to ocean waves (waves≥2 m 
during 58% of annual time, Ministerio de Fomento, 
1998-2010). The archipelago is formed by a set of 4 
main granite islands and various islets with a surface of 
approximately 19 ha and maximum altitude above sea 
level of 12.40 m (Martínez et al., 2006). The islands 
are arranged parallel to the continent, forming a chan-
nel of calm shallow waters (<20 m) of approximately 
70 ha (Fig. 1). 
We selected this area because the three studied fish 
species occur in it with densities ranging between low 
(25 C. conger and 338 D. labrax per ha) and abun-
dant (2644 L. bergylta per ha; Pita et al., unpublished 
data). The three species are valued by the recreational 
fisheries in Galicia (underwater and angling) and are 
intensively exploited by commercial fisheries along the 
entire Galician coast (Xunta de Galicia, 2001-2010), 
but in the study area only C. conger support a large 
commercial fishing effort (Pita et al., 2008).
Tagging technique
All of the fish studied in this work were caught 
in the study area with traps or fishing line and were 
released in the place where they had been caught. To 
reduce handling stress, some of the specimens were 
anesthetized with clove oil (eugenol; 0.10-0.16 mL/L 
during 30-45 min) to sedation level 4 (total loss of bal-
Fig. 1. – Map of the study area, indicating the location and range of 
the telemetry receivers.
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ance). We glued a T-tag (Floy Tag Inc.) on each end 
of the telemetry transmitters with epoxy resin (sup-
plementary material, Appendix 1). The transmitters 
were externally attached to the fish with a pistol, which 
makes the process quick (<2 min). The tags were at-
tached to the back of L. bergylta and D. labrax, at the 
level of the first radius of the dorsal fin, and below the 
scapular fins in C. conger. An additional nylon string 
was glued to the centre of the tags for L. bergylta and 
D. labrax and was sutured subcutaneously to provide 
a third anchoring point. All of the materials used were 
first submerged in an antiseptic solution and an antibi-
otic ointment was applied to the insertion points. The 
tags did not exceed 2.0% of the fish’s weight and the 
anesthetized fish were kept in a mesh cage at the place 
of capture until they had recovered fully (3 to 6 min) 
before being released (Table 1).
Influence of tagging on fish behaviour 
We arranged various samples to catch fish of the spe-
cies studied to assess the influence of tagging on their 
behaviour in the installations of the Aquarium Finister-
rae (A Coruña; Fig. 1). We were able to obtain only 2 
specimens of C. conger and 1 of L. bergylta (Table 1), 
mostly due to hard weather, poor sea conditions and de-
rived fishing problems. The L. bergylta was caught in 
the study area and transported (less than an hour drive) 
in a container with mechanical aeration to a 3000-L tank. 
The tank was replenished with 375 L h-1 of water taken 
from the study area. C. conger were caught with the 
same protocol and placed in an 800-L tank with a closed 
circuit and mechanical filtration. The temperature, dis-
solved oxygen, pH, salinity and nitrogen compounds of 
the tanks were measured daily and did not differ signifi-
cantly from those of the study area.
Dummy tags made of resin were attached to the L. 
bergylta and one of the C. conger following the proto-
col already explained. The dummy tags had the same 
weight and size as the real ones and had an anchor-
age point at each end. The tagged C. conger had air 
inside its body cavity from when it was caught, so on 
the seventh day of captivity PVC tubes were placed in 
the tanks so that the fish could stay on the bottom. The 
behaviour of the fish was observed every 10 minutes 
during the first 6 hours and then twice a day during the 
rest of the captivity period. Specifically, in each speci-
men the following behaviours were observed:
1. Floating. The fish was considered to be floating 
if part of its body was at the surface of the water and 
not floating when it was on the bottom.
2. Equilibrium. If the deviation of the longitudinal 
plane of the fish with respect to the vertical was esti-
mated to be larger than 10º, the fish was considered 
unbalanced and if the angle was not larger than 10º it 
was considered to be balanced.
3. Activity. If the fish moved it was considered ac-
tive and if it was immobile, inactive.
4. Feeding. Whether or not the fish was eating the 
food offered.
The behaviour observations were introduced into 
databases for each species in which each case cor-
responded to one observation (N=55 for L. bergylta 
and N=146 for C. conger; Fig. 2). Multiple regression 
models were used to analyze the influence of the time 
since tagging (as a quantitative predictor variable) on 
the behaviour of the fishes (response variables). Ad-
ditionally, the behaviour of the tagged and untagged 
individuals was compared in the case of the models for 
C. conger (as a qualitative predictor variable with two 
levels, tagged and untagged). Different logistic gener-
alized additive models were fitted (GAM; Hastie and 
Tibshirani, 1990) with a binomial error structure and 
logit link with statistical package R, version 2.9.2 (R 
Development Core Team, 2008). We used penalized 
thin-plate regression splines (Wood, 2003) to fit the 
models and the flexibility of the mgcv packet (Wood, 
2000) for the smoothing functions. To select the most 
Table 1. – Individuals tagged for the automatic and manual tracking. The catch date, total length (TL) and weight, and the anaesthetic dose 
administered are indicated.
Specimen Tag Captured TL (cm) Weight (g) Anaesthetic (mL·L-1)
L. bergylta dummy 23/04/2008 20 800 1.00†
C. conger - 23/04/2008 80 - -
C. conger§ dummy 03/04/2008 150 - 0.06
C. conger # 1 coded 04/05/2008 150 - 0.16
C. conger # 2 coded 14/05/2008 150 - 0.14
C. conger # 3 coded 14/05/2008 100 - 0.10
D. labrax # 4 coded 11/05/2008 30 550 0.05
D. labrax # 5 coded 13/05/2008 43 2850 -
D. labrax # 6 coded 13/05/2008 35 1300 -
L. bergylta # 7 coded 15/05/2008 25 800 -
L. bergylta # 8 coded 15/05/2008 20 600 -
L. bergylta # 9 coded 15/05/2008 20 600 -
L. bergylta # 10 coded 15/05/2008 25 900 0.03
L. bergylta # 11 continuous 24/08/2008 20 1000 -
C. conger # 12 continuous 01/09/2008 70 - 0.12
L. bergylta # 13 continuous 09/09/2008 35 2200 -
D. labrax # 14 continuous 28/09/2008 20 700 -
D. labrax # 15 continuous 02/10/2009 20 1000 -
†Lethal dose; C. conger§ is the same fish as C. conger #1 (captured date of C. conger #1 corresponds to released date).
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appropriate model in each case, Akaike’s criterion 
(Akaike, 1973) was used when possible and when it 
was not the percentage of explained deviance was used. 
The area under the ROC curve (AUC) was calculated 
to validate the models (Harrell, 2001), the gam.check 
tool was used to control the residuals and the predict 
tool was used to obtain inferences from the definitive 
model (this fit, selection and inference structure was 
used for the rest of the GAMs employed in this work, 
Table 2; the model outputs can be seen in the supple-
mentary material, Appendix 2).
Site fidelity and diel activity pattern 
Between 10 and 15 April 2008, 5 VR2 acoustic 
receivers (VEMCO Ltd.) were installed in the study 
area. These receivers stored the date and time of the 
signals transmitted by the telemetry tags within their 
detection area. A range test was carried out previously 
in the study area and it was determined that these re-
ceivers have a maximum reception distance of 400 m; 
therefore, to maximize the spatial cover, 2 receiver 
stations were situated in the non-exposed area and 3 
in the exposed area (Fig. 1). The receivers situated at 
stations 1 and 3 were lost due to waves, but station 1 
was recovered in March 2010. The rest of the receivers 
were taken in on 19 April 2009.
Between 4 and 15 May 2008, 4 specimens of L. 
bergylta, 3 of D. labrax and 3 C. conger were tagged 
and released in the study area (Table 1). We used 69 
kHz V13-1H coded pingers (VEMCO Ltd.) of 36x13 
mm, which transmitted signals that allowed them to 
be recognized individually. The estimated battery life 
was approximately 300 days (silence intervals of 50 
to 130 s).
The data stored in the receivers was downloaded 
with the VUE 1.4.2 software (VEMCO Ltd.). The 
information was organized and coded in databases, 
indicating whether the fish was detected during the 
dawn, day, dusk or night of each of the 300 days fol-
lowing their release. Dawn was defined as the 2 hours 
before sunrise, and dusk as the 2 hours before sunset. 
This information was used to study the site fidelity and 
diel activity pattern of each species with GAMs (Ta-
ble 2). Site fidelity was measured as the probability of 
detection at one or more stations in relation to the time 
elapsed since the fish was released. The diel activity 
pattern was determined as the probability of detection 
according to the time of day.
Mean speed, distance covered daily and home 
range size
Manual tracking was carried out in August and Sep-
tember 2008 and in October 2009. Two L. bergylta, 2 
D. labrax and 1 C. conger (Table 1) were tagged with a 
V13-1H continuous pinger of 36x13 mm and 60 to 84 
kHz (VEMCO Ltd.). To locate the animals we used a 
directional hydrophone (VH110) connected to a port-
able VR100 receiver (VEMCO Ltd.) that receives and 
stores the signals transmitted by the tags (1 per s), the 
date and time of the signal, the signal strength (dB), the 
gain (dB) and the geographical position of the receiver 
determined by means of an internal GPS. Each fish was 
tracked individually and continuously on a boat during 
the 48 h following its release, and when sea conditions 
allowed the fish continued to be tracked on the follow-
ing days (Table 3).
The detections were used to calculate the distance 
in m between successive positions (DA→B):
DA→B = √((LonA–LonB)2+(LatA–LatB)2)
where LonA and LatA are the geographic coordinates (UTM) of the first position, and LonB and LatB are the 
final geographic coordinates.
Similarly, in function of the time between detec-
tions, the mean speed (m s-1) was obtained between 
successive positions. Then, in function of the total 
distance travelled and the total tracking time, the dis-
tance travelled in each 24-h period (in m day-1) was 
estimated for each fish.
Finally, the detection databases were introduced 
into a GIS and analyzed with the Animal Movement 
Analyst Extension 1.1 to Arcview (Hooge and Eichen-
laub, 1997). A layer with the bathymetric surface gen-
erated by single beam data, obtained in an acoustical 
survey with 5-10 m grid resolution (Sánchez-Carnero 
and Aceña, pers. comm.), was also introduced into the 
GIS. The fixed kernel home range utilization distribu-
tion was calculated by ad hoc calculation of a smooth-
ing parameter; we consider the 50% contour as the 
core activity area (m2) and the 95% contour (m2) as the 
home range (Hooge et al., 1997). Only the positions 
Fig. 2. – Behaviour of C. conger and L. bergylta in captivity. 
Feeding (Fe), activity (Ac), equilibrium (Eq) and flotation (Fl) are 
shown. White = positive along all day; grey = different along the 
day; black = negative during all day. The shape indicates whether 
the fish is tagged with a dummy tag or not.
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obtained within the study area were used, excluding the 
movements of the fish in leaving the area permanently.
The program also measured the dispersion of the 
movements (r2) with the mean-squared distance from 
the centre of activity and the eccentricity by the ratio 
between the minor and major axes of the range length 
(close to 1 indicates a circular range shape, and greater 
than 1 increasingly elongate).
Accuracy of the movement estimates obtained with 
manual tracking 
Determining the accuracy of telemetry tech-
niques is interesting for when the results are ana-
lyzed, but these types of result are not often found 
in scientific works. Golet et al. (2006) filtered the 
original positions to improve the positions obtained 
with complex and already very precise telemetry 
technology (RAPT system). However, Sackett et al. 
(2007), with manual telemetry systems similar to 
those employed here, selected reception strengths of 
120 dB, with gains ≤12 dB to obtain resolutions at a 
scale of metres. 
In this work we have increased the spatial resolu-
tion of our results, selecting the positions associated 
with higher reception strengths (threshold of 100-105 
dB) and lower gains (<6 dB; Fig. 3). In addition, in 
September 2008 a test was carried out to check the 
accuracy of the V13-1H transmitters and calculate the 
error in the position of each detection (DE). 
One of the transmitters was located in an area with a 
depth of 17 m, suspended 1.5 m above the bottom. The 
hydrophone was placed in the water over the transmitter 
to receive the signal for 1 min at 11 separate positions 
every 10 m (between 0 and 100 m). This procedure 
was repeated for different gains (0, 6, 12, 18, 24 and 
30 dB). The receiver was downloaded with the VR100 
Host Software 2.2 (VEMCO Ltd.) and the information 
was organized into databases that related the strength 
of each detection with the distance from the transmitter 
for each gain. GAMs (Table 2) were used to predict the 
distance to the transmitter in relation to the gain and the 
reception strength (Fig. 4). A maximum DE of ±4.09 
m was estimated by positioning a signal received with 
a strength ≥100 dB and a gain ≤6 dB (supplementary 
material, Appendix 3).
Taking into account the DE associated with each 
position (±4.09 m), the maximum (Dmax) and minimum (Dmin) distances between positions (in m) were esti-
mated to obtain a confidence interval for each route:
Dmax = DA→B+2⎜DE⎜ and Dmin = DA→B–2⎜DE⎜
RESULTS
Influence of tagging on fish behaviour 
C. conger did not accept the food provided in cap-
tivity, so we ended the experiment after 21 days. No 
significant differences between tagged and untagged 
animals in terms of activity were observed (p=0.543), 
although this behaviour varied over time (P≤0.008). 
The two C. conger were active at the beginning of 
the experiment and remained relatively inactive from 
the second day. Between days 9 and 11 the tagged C. 
conger showed periods of activity and then remained 
inactive. However, the untagged C. conger increased 
its activity towards the end of the period. No differ-
Fig. 3. – As an example, the route followed by C. conger number 12 
is shown without filtering (a) and after being filtered (b).
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ences between the equilibrium of C. conger (p=1.0) 
were observed, but the untagged animal showed a 
significant unbalanced tendency towards the end of 
the experiment (P<0.001). Differences were observed 
regarding the flotation of C. conger (P<0.001): the un-
tagged C. conger stayed on the bottom for almost the 
entire experiment (P>0.900), while the tagged animal 
floated during the first 7 days (P<0.001; Fig. 2 and sup-
plementary material, Appendix 2).
The tag of the L. bergylta fell off on day 6 of captiv-
ity. The fish died due to excessive anaesthetic during 
retagging (1.0 mL L-1 for 1 min). During the entire 
experiment it remained balanced and at the bottom of 
the tank. Its feeding activity and behaviour during cap-
tivity did not vary significantly over time (P≥0.900), 
although on the first day it was more active and on the 
fifth day it accepted the supplied food (Fig. 2 and sup-
plementary material, Appendix 2).
Site fidelity and diel activity pattern 
A total of 192 signals were detected coming from 
C. conger and 3500 from D. labrax, but no signals 
were detected from L. bergylta. In reality the number 
of detections of D. labrax was higher, because number 
6 was detected continuously at station 4 from the fourth 
day from its release until the end of the experiment and 
sometimes at stations 1 and 5 until day 10. We inter-
preted this as indicating that the fish had died or lost its 
tag after day 10, so detections after this day were not 
included in the analysis (Table 3).
The detection probability for C. conger decreased 
as the time from release increased (P≤0.006). Although 
no differences were found between the specimens 
(P≥0.058), C. conger numbers 2 and 3 were only de-
tected on the day they were released, while C. conger 
number 1 was detected intermittently between days 4 
and 17. Differences were found in the period of day 
in relation to the probability of detecting C. conger, 
as they were more likely to be detected at dusk or at 
night (P≤0.003). All the detections of C. conger were 
obtained on receivers situated in the non-exposed area 
(Fig. 5; supplementary material, Appendix 2 and 4).
The time elapsed since release also decreased the 
detection probability of D. labrax (P≤0.001), but in 
this case the differences between specimens were sig-
nificant (P<0.001). D. labrax number 4 was detected 
from its release until it left the area on the second day. 
However, D. labrax numbers 5 and 6 left the area on 
the day they were released; D. labrax number 6 re-
turned in 2 days (and then lost its tag or died) and D. 
labrax number 5 returned during the first hours of day 
9, and was detected at the two stations in the exposed 
area. The detection probability was higher during the 
day and night than at dawn or dusk (P<0.001; Fig. 5 
and Supplementary material Appendix 2 and 4).
Mean speed, distance covered daily and home 
range size
A total of 111451 position signals came from 
L. bergylta, 78466 from C. conger number 12 and 
128908 from D. labrax, although the later filtering 
greatly reduced the number of positions used. In addi-
tion, D. labrax number 15 stopped moving 46 h after 
tracking began. This was interpreted as indicating that 
the tag had been lost or the fish had died, so detec-
tions made after this time were not included in the 
analysis (Table 3).
The fish moved in the study area with mean speeds 
that ranged between 0.38±0.68 (SE) and 0.95±0.98 
m s-1. The mean speeds of L. bergylta were the most 
extreme, L. bergylta number 11 being the quickest 
(0.95±0.98 m s-1) and number 13 the slowest (0.38±0.68 
Fig. 4. – Results of the accuracy test of the movement estimates obtained with manual tracking carried out with a VR 100 receiver (VEMCO 
Ltd.). The points indicate the reception strengths (dB) obtained in relation to the distance to the transmitter (in m) and the gain (dB). The 
prediction (unbroken line) and the SE (line of points) obtained with GAMs are represented.
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m s-1). D. labrax had intermediate speeds (between 
0.41±1.27 and 0.70±1.13 m s-1), while the movements 
of C. conger were moderately fast (0.75±0.83 m s-1). 
However, the distances travelled by the C. conger and 
L. bergylta (between 13.82 and 82.39 m day-1) were 
much more restricted than those travelled by D. labrax 
(between 2508.98 and 5200.12 m day-1). Consequent-
ly, the home ranges of L. bergylta and the C. conger 
(between 603.86 and 5183.53 m2) were smaller than 
those of D. labrax (between 9029.14 and 26395.55 m2; 
Fig. 6 and Table 3).
D. labrax number 14 left the area of the San Pedro 
Islands 48 h after tracking began, travelling 8629 m un-
til its signal was lost (Fig. 6). During this time a cruis-
ing speed of 2.66±3.14 m s-1 was estimated for this fish 
(between 2.65±3.13 and 2.67±3.14 m s-1 taking into 
account the DE ) and a maximum velocity of 8.25 m 
s-1 (8.22-8.28 m s-1).
DISCUSSION
In this paper we demonstrate the viability of us-
ing underwater ultrasonic telemetry with L. bergylta, 
D. labrax and C. conger in their natural environment. 
The telemetry techniques employed here have great 
potential for studies on the movements and habitat 
use of the three species. Furthermore, we have modi-
fied widely used methodologies, such as the external 
tagging technique, and introduced innovations, such 
as measuring the DE, that may be of interest for fu-
ture work on fishes and many other aquatic animals. 
However, the results of the movements of the fishes 
showed here must be considered as preliminary. The 
objectives for future studies of these species should 
include increasing the number of fish tagged and im-
proving the long-term reliability of the tagging. Thus, 
a greater number of observations can be obtained, 
especially in the long term. Pine et al. (2003) recom-
mend pilot studies to test the retention of marks and 
testing the feasibility of surgically implanted brands 
would be of great interest.
Fig. 5. – Detections in the automatic receivers by fish and time of 
day (white = dawn, light grey = day, dark grey = dusk, black = 
night). The circles indicate detections in receivers situated in the 
non-exposed area, the squares detections in receivers situated in the 
exposed area and the diamonds in both.
Fig. 6. – Movements, home ranges (dark grey) and core areas (light grey) obtained for fish followed with manual tracking. The dots indicate 
the site of catch and release. Fishes numbers 1 -3 and 12 are C. conger, numbers 4-6, 14 and 15 are D. labrax and numbers 7-10 and 13 are L. 
bergylta. The movements of D. labrax number 14 near the end of its 48-h tracking period are also shown.
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In telemetry studies, before carrying out field ex-
periments it is important to determine the tag reten-
tion and mortality rates and to analyze how the tags 
influence the behaviour of the animals (Fabrizio and 
Pessutti, 2007). The use of surgery is often a good op-
tion in long-term telemetry studies, as internal tags can 
remain in the fish for years without giving problems 
(Jepsen et al., 2002). In addition, in some studies that 
employed external tags, a large number of tags were 
found to fall off (Sackett et al., 2007). However, the 
surgical implantation technique is complicated and has 
been associated with a high risk of mortality, infection 
and tag loss, all of which have been used as arguments 
in favour of external implantation (Jepsen et al., 2002). 
Økland et al. (2001) compared the two methods and 
obtained better results with external tags. Moreover, 
anaesthetic is often not needed when external tags are 
attached to the fish, so they have even more advantages 
in the short term (Jepsen et al., 2002).
Both types of implantation have important advan-
tages and disadvantages. In our case, we decided to in-
clude a third anchorage point on the tags for L. bergylta 
and D. labrax after finding that the L. bergylta tagged 
in captivity lost its dummy tag. Even so, there was still 
a certain degree of uncertainty concerning tag retention 
or the health of some of the fish (such as D. labrax 
numbers 6 and 15). Therefore, the low number of de-
tections in the long term (after day 17 after release), 
and even the complete absence of detections in the 
case of L. bergylta, could be related to failures in tag-
ging. However, it is necessary to keep in mind that the 
limited movement of L. bergylta (confirmed through 
manual tracking), the complicated bathymetry of the 
habitat and also their benthic lifestyle would make 
detecting them difficult, especially with the receivers 
situated in the exposed area. Moreover, receivers 2 and 
3 were lost due to waves (some more than 8 m high), 
although their moorings consisted of pieces of 50 kg 
concrete deployed at -15 m (Fig. 1).
The important advantages of the external tagging 
technique finally resolved the question of which im-
plantation method to use: it is simple to use even with-
out previous training, it is very quick (<2 min) and it 
does not always require anaesthetic. Consequently, the 
suffering of the fish is minimized, favouring quick re-
covery and an earlier return to normal activity, which is 
vitally important in behaviour studies. In addition, the 
anaesthetic used (eugenol) is efficient, the fish recover 
quickly and with high survival rates and it is not toxic 
for humans or the environment (Jepsen et al., 2002, 
Pastor et al., 2009). 
Moreover, we found that the tagging process did not 
affect the behaviour of the fish, although we were finally 
able to study fewer animals than we expected. In captiv-
ity, it was found that the behaviour of C. conger (tagged 
and control) was not different. The difference in the 
floating behaviour of the tagged C. conger began when 
it was caught and was solved by placing a refuge on the 
bottom of the tank. Furthermore, the only specimen to 
show signs of weakness (unbalanced) was the untagged 
animal, when we decided to end the experiment and 
release the animals. The behaviour of the tagged L. ber-
gylta was also normal (balanced and at the bottom of the 
tank) during the entire experiment, and it even accepted 
non-living food on the fifth day (Fig. 2).
Løkkeborg et al. (2002) discussed the effect of the 
position-fixing interval on calculating speeds between 
successive positions, and found that intervals of more 
than 120 s underestimate the speed in 60% of cases, al-
though intervals of more than 136 s do not significantly 
increase this percentage. Lagardère et al. (1990) estab-
lished that positioning each 15 s gives good results for 
estimating the speed of D. labrax. Due to the method 
used in this study for improving the spatial resolution, 
the interval between successive positions was not fixed, 
and varied between 1 s and 416 h after the filtering. 
Consequently, some of the distances and speeds may 
have been underestimated, although they were mainly 
obtained with intervals greater than 120 s (Table 3).
A low number of observation days (Topping et 
al., 2005), fewer than 30-50 localizations (Seaman 
and Powell, 1996, Seaman et al., 1999) and spatial 
autocorrelation between observations (Swihart and 
Slade, 1985) tend to lead to the home range size being 
underestimated. The filtering carried out to increase 
the spatial resolution at the same time decreased the 
temporal resolution of the tracking (between 0.01% 
and 1.05% of the original positions were used, Table 3 
and Fig. 3). In our case, the home range sizes were ob-
tained from experiences with a mean of 6±7 days and 
156±284 localizations (Table 3). While the number 
of days and localizations might be low (mostly for D. 
labrax, tracked for a maximum of 2 days), resulting in 
smaller than expected home ranges even in the short 
time, we can suppose that the positions derived from 
the filters, with random intervals between positions, 
will have kept the autocorrelation in our observations 
under control.
C. conger, D. labrax and L. bergylta studied here 
used the habitat in very different ways. C. conger 
showed the highest site fidelity, staying in the area 
continuously over the longest periods of time (up to 
17 days). They used rock refuges to rest, and their 
long-term detection pattern alternated between long 
absences (inside the refuge) and periodic appearances 
(outside the refuge). In addition, they seemed to use the 
same refuge, given that the short-term movements of 
C. conger number 12 were not eccentric (eccentricity 
of 1.43) and the core area of its home range was small 
(8.58%; Table 3). The most active periods were dusk 
and night, and they probably left their refuges to look 
for food. The excursions lasted between 1 and 7 h and 
took place at intervals of between 1 and 7 days (Fig. 5; 
supplementary material, Appendix 4).
D. labrax left the area for the longest intervals (up 
to 9 days). There were no differences between night 
and day in terms of activity, which could be explained 
by their particular social behaviour; solitary D. labrax 
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are nocturnal, while in a group they are more active 
during the day (Anras et al., 1997, Oca et al., 2005). 
The route travelled by D. labrax number 14 near the 
end of the manual tracking period (Fig. 6) and the 
return of D. labrax numbers 5 and 6 to the study area 
(Fig. 5; supplementary material, Appendix 4), show 
that this species can cover large distances daily (mean 
distance of 3855±1,903 m d-1; Table 3). The spatial 
behaviour of the D. labrax studied here is therefore 
complex and operates at large spatial scales. This is 
consistent with other studies on this species, which 
found that D. labrax swim long distances (thousands 
of kilometres) associated with juvenile recruitment 
and reproductive and feeding migrations (Pickett et 
al., 2004, Fritsch et al., 2007).
The limited movements of the studied L. bergylta 
(Fig. 6 and Table 3) and the absence of detections by 
the automatic receivers suggest a highly sedentary be-
haviour, although more studies are needed to confirm 
it. Other wrasses associated with rocky bottoms show 
high site fidelities (Topping et al., 2006) and well de-
fined and relatively small home ranges (Topping et al., 
2005). García-Castrillo (2000), defined this particular 
species as being strongly territorial; according to Dar-
wall et al. (1992), they do not carry out migrations. 
The mean home range size obtained (4029±1633 m2; 
Table 3) is comparable to that calculated by Topping et 
al. (2005) for other wrasse from temperate waters and 
similar habitats (15134±26007 m2).
The present work represents the first study that 
uses telemetry for C. conger and L. bergylta and the 
first for D. labrax in its natural environment. There 
are previous experiences with D. labrax in captiv-
ity and in mesocosm enclosures (Anras et al., 1997, 
Lagardère et al., 1990, Webber et al., 2001, Oca et 
al., 2005) but the results would have little to do with 
those obtained in the natural environment (Hedger et 
al., 2010). All new information on unknown aspects 
of the spatial dynamics of fish populations, espe-
cially for predators, is of great interest. Therefore, 
the information on short-term movements provided 
here is very useful for future work on the ecology of 
these species, but should be used with caution (given 
their preliminary nature) in the management of their 
fisheries.
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SUPPLEMENTARY MATERIAL
The following Appendixes are available through the web page
http://www.icm.csic.es/scimar/supplm/sm75n4759sm.pdf
Appendix 1. –  Image of 1 telemetry transmitter showing the T-
tags glued by epoxy resin, ready for being inserted to a fish. 
Transmitters for L. bergylta and D. labrax had a third anchor 
point (see the text in materials and methods section for further 
details).
Appendix 2. – Output of the GAMs used to assess the behaviour of 
the fishes in captivity, to estimate the site fidelity of the fishes 
and to calculate the accuracy in the positioning of the telemetry 
transmitters. The parametric coefficients, their standard error 
(SE) and associated P value are indicated. The reference value 
used in the comparisons between levels is not included. The 
number of observations or the range used, the degrees of free-
dom (df) and the P value of the smooth terms are indicated. The 
interaction is denoted with ‘*’.
Appendix 3. – Predictions made with GAMs to calculate the detec-
tion error (DE) in function of the reception strength (dB) and 
gain of the receiver (dB). The values outside the range obtained 
in the accuracy test of the VR 100 receiver (VEMCO Ltd.) are 
not included.
Appendix 4. – Partial effect of the time elapsed since the fish was 
released (until day 50) by time of day (white = dawn, light grey 
= day, dark grey = dusk, black = night) on the probability of 
detection of the fishes. Points represent the predictions made 
with GAMs. Note the different scales on the y axes.
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Appendix 2. – Output of the GAMs used to assess the behaviour of the fishes in captivity, to estimate the site fidelity of the fishes and to 
calculate the accuracy in the positioning of the telemetry transmitters. The parametric coefficients, their standard error (SE) and associated P 
value are indicated. The reference value used in the comparisons between levels is not included. The number of observations or the range used, 
the degrees of freedom (df) and the P value of the smooth terms are indicated. The interaction is denoted with ‘*’.
Model N Parametric coefficients Smooth terms
 Estimate SE P Range df P
Feeding of L. bergylta
     Intercept 12 -2.3979 0.8263 0.0037 Time (min) 3005-8765 <0.0001 1.0000
Activity of L. bergylta
     Intercept 55 -232.3000 309.7000 0.4530 Time (min) 10-9125 1.7230 0.7810
Activity of C. conger
     Intercept 146 -3.7235 0.5494 <0.0001 Time (min) * Tagged 0-30030 3.5610 0.0003
     Tagged 73 1.2905 2.1226 0.5430 Time (min) * Untagged 0-30030 1.6830 0.0083
Equilibrium of C. conger
     Intercept 146 4.2070 0.3299 <0.0001 Time (min) * Tagged 0-30030 <0.0001 1.0000
     Tagged 73 132.8000 2479000.0000 1.0000 Time (min) * Untagged 0-30030 0.7353 <0.0001
Flotation of C. conger
     Intercept 146 -2.6101 0.3108 <0.0001 Time (min) * Tagged 0-30030 0.9386 <0.0001
     Tagged 73 2.5301 0.4894 <0.0001 Time (min) * Untagged 0-30030 <0.0001 1.0000
Site fidelity of C. conger
     Intercept 3612 -184.6729 43.0724 <0.0001 Time (days) * C. conger # 1 0-300 1.7640 0.0059
     C. conger # 2 1204 -44.7657 56.0872 0.4248 Time (days) * C. conger # 2 0-300 1.7220 <0.0001
     C. conger # 3 1204 39.0230 50.1882 0.4368 Time (days) * C. conger # 3 0-300 1.6380 <0.0001
     Day 903 -0.8531 0.1253 <0.0001
     Dusk 903 -1.6350 0.1570 <0.0001
     Nigth 903 0.2988 0.1016 0.0033
Site fidelity of D. labrax
     Intercept 3613 -97.9246 6.8590 <0.0001 Time (days) * D. labrax # 1 0-300 1.8080 <0.0001
     D. labrax # 5 1204 89.2603 6.8615 <0.0001 Time (days) * D. labrax # 2 0-300 1.1850 <0.0001
     D. labrax # 6 1204 -9456.6866 720.8635 <0.0001 Time (days) * D. labrax # 3 0-300 1.6760 <0.0001
     Day 903 0.4833 0.1100 <0.0001
     Dusk 903 -1.4726 0.1147 <0.0001
     Nigth 904 0.4833 0.1108 <0.0001
Accurancy of tags (m)
     Intercept 2550 3.8770 0.0228 <0.0001 Signal (dB) * Gain 0 dB 61-97 7.3100 <0.0001
     Gain 6 dB 475 -0.0431 0.0314 0.1690 Signal (dB) * Gain 6 dB 59-100 8.1060 <0.0001
     Gain 12 dB 448 0.0194 0.0348 0.5770 Signal (dB) * Gain 12 dB 69-99 7.715 <0.0001
     Gain 18 dB 430 0.0014 0.0326 0.9660 Signal (dB) * Gain 18 dB 70-97 4.329 <0.0001
     Gain 24 dB 426 -7.2520 1.7530 <0.0001 Signal (dB) * Gain 24 dB 70-91 7.981 <0.0001
     Gain 30 dB 371 -380.2000 236.2000 0.1080 Signal (dB) * Gain 30 dB 70-91 7.909 <0.0001
Appendix 1. – Image of 1 telemetry transmitter showing the T-tags glued by epoxy resin, ready for being inserted to a fish. Transmitters for 
L. bergylta and D. labrax had a third anchor point (see the text in materials and methods section for further details).
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Appendix 3. – Predictions made with GAMs to calculate the detection error (DE) in function of the reception strength (dB) and gain of the 
receiver (dB). The values outside the range obtained in the accuracy test of the VR 100 receiver (VEMCO Ltd.) are not included.
Strength Gain (dB) 
(dB) 0 6 12 18 24 30
 Predict SE DE Predict SE DE Predict SE DE Predict SE DE Predict SE DE Predict SE DE
100 - - - 2.61 1.48 4.09 - - - - - - - - - - - -
95 19.98 1.07 21.05 17.26 1.07 18.33 16.90 1.07 17.98 17.44 1.06 18.50 - - - - - -
90 41.10 1.05 42.16 45.13 1.05 46.18 44.26 1.06 45.32 40.99 1.05 42.05 42.44 1.07 43.52 - - -
85 61.83 1.04 62.87 61.45 1.04 62.49 67.53 1.05 68.57 68.85 1.04 69.89 61.48 1.06 62.53 26.52 1.04 27.55
80 85.99 1.04 87.03 81.13 1.04 82.17 85.29 1.04 86.32 86.17 1.03 87.20 84.82 1.04 85.86 84.53 1.06 85.59
75 94.94 1.07 96.01 93.03 1.05 94.08 92.08 1.06 93.14 97.42 1.06 98.48 83.32 1.10 84.42 90.71 1.24 91.95
70 100.89 1.07 101.96 98.06 1.08 99.15 92.04 1.18 93.21 100.66 1.21 101.87 85.69 1.35 87.04 60.09 1.45 61.54
65 99.83 1.10 100.93 101.11 1.15 102.27 - - - - - - - - - - - -
60 - - - 100.29 1.17 101.47 - - - - - - - - - - - -
Appendix 4. – Partial effect of the time elapsed since the fish was released (until day 50) by time of day (white = dawn, light grey = day, dark 
grey = dusk, black = night) on the probability of detection of the fishes. Points represent the predictions made with GAMs. Note the different 
scales on the y axes.
